Web has been one of major sources to acquire competitor intelligence. In this paper, we first present a framework to acquire competitor intelligence from the Web, which consists of profile extraction, events extraction and business relations extraction. Then we investigate the semantics of business relations in detail. A classification of business relations is presented, based on which a conceptual ontology for business relations is proposed. Finally, a case study of extracting business relations from Web pages is studied. We focus on the extraction of position relations from the Web. A structure-based approach is used to recognize the position relations hiding in Web pages. The basic idea as well as the detailed procedures is discussed in the paper. We also conduct an experiment to extract position relations from Web pages. The experimental results show that our approach is effective in the extraction of position relations.
INTRODUCTION
How to extract competitor intelligence from the Web has become a hot issue in recent years (Kahaner et al., 1996) . Many firms begin to realize that most information about competitors can be found in the Web, and therefore it is possible to build a software system to automatically acquire, analysis, and generate user-defined competitor intelligence from the Web. A previous survey showed that about 90% of competitive intelligence can be acquired from the Web (Thompson and Wing, 2001; Lamar, 2007) . This provides enterprises the opportunities to gain competitive values from the Web, in case that they can build a competitive intelligence system extracting intelligences from the Web effectively.
As most enterprises are interested in the competitor intelligence, we concentrate on competitor intelligence extraction issues in this paper. In particular, we will focus on the business relations of a competitor. Business relations are one of important aspects in competitor intelligences. They play important roles in the analysis of competitor intelligence and decision making procedures. Compared with other features in competitor intelligence, such as competitor profiles, business relations are more difficult to be extracted from the Web, since they are usually not explicitly expressed in Web pages.
Another problem of extracting business relations from the Web is what types of business relations we want to extract from the Web. Hence, it is necessary to first study the semantics of business relations and further to construct an ontology for the business relations in competitor intelligence. This paper mainly discusses semantics and extraction of business relations extraction. It is an extended version of our previous work in the Global Conference on Science and Engineering (GCSE'09) (Zhao and Jin, 2009 ). We will first present a framework of extracting competitor intelligence from the Web, and then discuss the semantics of business relations. After that, an ontology of business relations is presented. Finally, we will present a case study of extracting business relations, which concentrates on the position relations extraction. The main contributions of the paper can be summarized as follows:
(1) We present a Web-based framework of extracting competitor intelligence. The major components of such a system are analyzed (see Section 3).
(2) The semantics of business relations are studied, and a formal classification on business relations as well as an ontology is presented (see Section 4).
(3) We present a case study to extract business relations from Web pages (see Section 5) . Detailed algorithms are developed to realize the case study. And we also conduct an experiment on real Web pages to evaluate the performance of our approach. The experimental results show that our method is effective to extract position relations from the Web.
The following of the paper is structured as follows. In Section 2 we discuss the related work. Section 3 discusses the framework of Web-based competitor intelligence extraction. Section 4 gives the discussion about the semantics and ontology of business relations. Section 5 presents a case study of extracting business relations. And conclusions and future work are in the Section 6.
II. RELATED WORK

A. Competitive Intelligence Extraction
Competitive intelligence refers to the process that gathering, analyzing and delivering the information about the competition environment as well as the capabilities and intensions of the competitors, and then transforming them into intelligence (Kahaner, 1996) . Competitive intelligence is acquired, produced and transmitted through the competitive intelligence systems (CIS).
Traditionally, people usually utilize some publications to acquire competitive intelligence, such as news paper, magazines, or other industry reports. With the rapid development of the Web, people can search any information in a real-time way, thus it has become an important way to obtain competitive intelligence from the Web (Thompson and Wing, 2001) .
The detailed procedure of producing competitive intelligence from the Web can be described as follows. For example, suppose the company wants to get the competitive intelligence about one of its competitors, namely, the company C, they will first search the information about the company C through some search engines, e.g. Google, typically using some keywords like "C Company". Then the experts analyze the gathered Web pages to make out a report about the company C. In this paper, we call this type of intelligence acquiring "Web-page-based competitive intelligence acquiring". The disadvantages of the Web-page-based way are obvious. Since the search engine will usually return a huge amount of Web pages, e.g. when you search in Google using the keywords "Microsoft Office 2008" you will get billions of Web pages, it is ultimately not feasible for experts to analyze all the searching results and produce valuable competitive intelligence.
Recently, researchers introduced the Web text mining approach into the CIS. The Web text mining aims at finding implicit knowledge from a huge amount of text data (Mikroyannidis, 2006) . It depends on some fundamental technologies, including the computing linguistics, statistical analysis, machine learning, and information retrieval. So far, re-searchers have proposed some approaches to processing Web pages, such as extracting text from Web pages (Hotho et al., 2005) and detecting changes of Web pages (Khoury et al., 2007) . According to the text-mining-based approaches, the noisy data in Web pages can be eliminated, and a set of text blocks are obtained and even clustered in some rules. However, since a Web page typically contains a lot of text blocks, this method will consequently produce a large number of text blocks which is much more than the number of Web pages. Besides, if the text blocks are clustered under specific rules, the information about competitors and competition environment will spread among different clusters and bring too much work for information analysis.
Competitive intelligence serves for companies and people, so in order to make the competitive intelligence systems more effective, first we should study what competitive intelligence companies need. As a survey indicated (Lamar, 2007) , most people prefer to look up information by competitor. When we further ask one more question: "What is the competitive intelligence about the competitors?", most companies will give out the answer: "We want to know everything about our competitors, their history, products, employees, managers, and so on." Are these information only Web pages? The answer is definitely "no". Web pages are only the media that contain the needed in-formation, but note they are NOT competitive intelligence. The CIS is expected to produce competitive intelligence about competitors or competition environment from a large set of Web pages, but not just deliver the Web pages or the text blocks in them. This means we should transfer the Web-page-based viewpoint into an entity-based viewpoint. In other words, the CIS should deliver competitive intelligence about the entities such as the competitors (or sub-entities such as the products of a specific competitor), rather than just deliver the Web pages that surly contain the basic information.
B. Ontology
In the context of information science, ontology usually refers to a set of general items in a specific domain, as well as the relationships among those items (Gruber, 1995; Uschold et al., 1996) ]. An ontology for Web-based enterprise competitive intelligence can serve as the foundation of acquiring and representing competitive intelligence in the Web, because it is necessary to make it clear what types of competitive intelligence we can obtain from the Web, and what details of those competitive intelligence we can extract (Li et al., 2006) .
Although there are no standards to construct a domain ontology, it has been widely accepted that constructing an ontology should obey some methodology. Gruber presented five rules of constructing an ontology in 1995 (Gruber, 1995) , which are:
(1) Clearness and Objectivity. An ontology should describe the meanings of terms clearly, and the definitions of terms should be objective and independent on some specific background.
(2) Consistence. The concepts inducted from an ontology should be consistent with the terms included in the ontology.
(3) Extensibility. Nothing is needed to be revised when new concepts are added into an ontology.
(4) Minimal Deviation of Representation. An ontology should not depend on some specific representing method, i.e., we can use different representing methods to depict an ontology while keeping the meanings of the ontology unchanged.
(5) Minimal Constraints. The constraints on an ontology should be minimized. If an ontology is able to represent the requirements on knowledge sharing, we should use the minimal constraints in modeling the concepts and relationships in the ontology.
Other researchers also proposed some advanced rules. However, no rules have been accepted as a standard in the research on ontology construction. In order to solve the problems in ontology construction, many researchers used ontology engineering methods to develop different ontologies. For example, M. Uschold and King suggested the Skeletal Approach in 1996 (Uschold et al., 1995) , Gruninger et al. presented the TOVE method to model enterprises (Gruninge and Fox, 1995) , and Gaily et al. proposed a new representation method for the REA ontology (Gailly and Poels, 2008) . However, most of these methods are towards a specific domain and can not suit the requirements from different application. For instance, the approach proposed in (Gruber, 1995) was used in constructing a news ontology, but it is difficult for one to use it in other domains.
Many methods were used to represent an ontology, including natural language, frame, logical language, and so on. The natural language is usually used in early stages of constructing an ontology. The frame method is effectively when it is used to represent concepts, attributes, and relationships. A concept in the ontology is represented as a frame, in which the attributes of the concept as well as its relationships with other concepts are described by the slots of the frame. The logical language uses predicate logic to describe an ontology.
III. A FRAMEWORK FOR COMPETITOR INTELLIGENCE EXTRACTION FROM THE WEB
Competitor Intelligence
Experts
Profile Extraction
Web pages
Events Extraction
Business Relations Extraction
Web Web Crawler The architecture of competitor intelligence extraction from the Web is shown in Fig.1 . There are five modules in the system. The Web Crawler module performs the traditional tasks of a spider. It collects different Web pages from the Web. These Web pages will be further processed by other three modules, as shown in Fig.1 . The Profile Extraction module is designed to extract some basic information about a company, such as name, address, managers, employees, telephone numbers, and so on. This type of information is called profile of a company in this paper. Profile is usually easier to be extracted from the Web, compared with the other two types of information, event and business relations, because many websites, such as Yellow Pages and Wikipedia, offer detailed information about a company. The Event Extraction module acquires events related with a given company. An event represents a specific activity which is related to the interested company. Typical events are creation of a company, bankrupt, being stock listed, and so on. Events are often hided in the content of a Web page, or must be extracted through a lot of Web pages. The Business Relations Extraction module extracts business relations related to a given company. Since there are many types of business relations in the real world, we have to first classify the types of business relations and then conduct effective ways to extract business relations from Web pages. In this paper, we will concentrate on the business relations. In particular, we will study the semantics of business relations and build an ontology for business relations, which forms the foundation of the Web-based competitor intelligence extracting system.
Competitor Intelligence Analysis
Based on a systematic view, we give out the following description of the requirements on competitor extraction from the Web (see Table I ). 
Business Relations
Relations between a competitor and its internal employees or other objects, or relations between a competitor and other companies, e.g. suppliers of the company, investors, customers served, etc.
A. Profile
The profile intelligence is the general information about competitor. Many web-sites such as Wikipedia (http://www.wikipedia.org) provide some general information about companies, such as names, employee counts, managers' names, etc. Fig.2 shows the extracted general information of the TOSHIBA Corporation.
B. Events
Events about competitor usually refer to the news about it. Many websites provide news which is updated frequently. Through the events expressed in the news, people are able to know the recent development of the competitors. Typical events are the establishment of the competitor, the listed-in-stock of the competitor, the progress of some specific project, etc. Fig.3 shows some recent events about IBM.
C. Business Relations
Compared with profile and events, the business relations are usually more implicit. This is because most companies do not want that the competitors know their suppliers or customers. However, this type of competitive intelligence may be more useful than others. For example, if you know exactly the suppliers of your competitor, you may have some countermeasures to control those suppliers so as to leave the competitor in a passive situation. To obtain the business relations about competitor, we must per-form an intelligent analysis on the contents of Web pages. For example, from the Web page shown in Fig.4 , we get to know that IBM has 98 partners in Franfurt, Germany. 
IV. SEMANTICS OF BUSINESS RELATIONS
A. Relations Defined by ACE
Type Subtypes
Phisical Located, Near
Part-Whole Geographical, Subsidiary
Personal-Social
Business, Family, Lasting-Personal
ORG-Affiliation
Employment, Ownership, Founder, Student-Alum, Sports-Affiliation, Investor-Shareholder, Membership
Agent-Artifact
User-Owner-Inventor-Manufacturer
Gen-Affiliation
Citizen-Resident-Religion-Ethnicity Business relations are very important for companies. Generally, there are several types of business relations. The ACE (Automatic Content Extraction) has defined six types of relations in English texts (ACE, 2008), which are listed in Table II . However, those relations are not defined for competitor intelligence. The only interested types in ACE are the Person-Social relation and ORG-Affiliation relation. But these relations are too rough for business relations intelligence extraction.
B. Types of Business Relations
We classify the business relations into two types: Inner-ORG relations and Inter-ORG relations. The Inner-ORG (ORG is the abbreviation of the word "organization") relations refer to the business relations between a company and its components, e.g. companymanager, company-employee, and so on. The Inter-ORG relations are relations among different companies. Examples of the Inter-ORG relations are companyinvestor, company-supplier, company-partner, etc.
(1) Inner-ORG relations
The Inner-ORG relations refer to the business relations among the entities of the same organization. A lot of information about a company can be extracted from the Web, e.g., name, address, email. This task is somehow easy to perform, because many methods have been proposed to extract different named entities (Whitelaw et al., 2008) . Typical named entities are company names, person names, addresses, times, etc. Most of the previous research in this field focused on three types of named entities: time entities, number entities, and organization entities (Khalid et al., 2008) . According to the context of competitor intelligence extraction, several types of named-entities are needed to be studied. However, we can use previous approaches to extract the named entities needed in the extraction of Inner-ORG relations. We further classify the Inner-ORG relations into four types, which are ORG-person relations, ORG-location relations, ORG-time relations, and ORG-statistics relations.
ORG-person relations
The ORG-person relations refer to the business relation between a company and one of its employees. Due to the fact that there are many types of positions in a company, we have to determine many types of position relations for a company. For example, who is the general manager of Lenovo? Is John an employee of Lenovo? Those relations all involve a person and a company.
ORG-location relations
The ORG-location relations refer to the business relations between a company and some location. Location information plays a very important role in the decision making process. Enterprises usually make different market policies for different areas or cities. Typical ORGlocation relations include the city of a company located and the sales area of a company.
ORG-time relations
The ORG-time relations are the business relations between a company and a time value. For example, the founding time of a company, the date being stock lised, the bankrupt date of a company, and so on. Different types of time values may exist in this type of relations. For example, the founding time a company may be a calendar day, while the duration of a company locating in a city may be a time period.
ORG-statistics relations
This type of Inner-ORG relations refer to the relations between a company and some numeric value. For example, how many employees does Lenovo hire? Or what is the total market value of Lenovo?
(2) Inter-ORG relations
The Inter-ORG relations refer to the business relations between two companies. With the development of virtual enterprises and enterprise union, the relationships among different companies become more and more important in the market competition. Therefore, it is very important to recognize the competitors' business relations with other companies. Typical Inter-ORG relations are the relations among the companies who are contained in the same supply chain. For example, who are the suppliers of Lenovo?
We classify the Inter-ORG relation into four types of relations, which are cooperation relation, invest relation, sales relation, and supply relation.
Cooperation relations
The cooperation relations refer to the contracted cooperation between two companies. Normally, these types of relations appear when two companies are working together for the same project.
Invest relations
The invest relations usually exist between a stock listed company and another organization or person who has its stocks. Many companies will buy some stocks of other companies as a future investment.
Sales relations
The sales relations refer to the customers of a company. Customers may be persons or other companies. So this type of relation indicates the users of a company.
Supply relations
The supply relations give the suppliers of a company. For example, who are suppliers of KFC in China?
C. An Ontology for Business Relations
Based on the semantics we analyzed in Section 4, we formally construct an ontology for business relations. Such an ontology describes the concepts in business relations, as well as the relationships between different concepts. In this paper, we use the UML-model to formally describe the ontology. Fig.2 shows the UMLmodel-based ontology for business relations. In this section, we discuss the extraction of position relations from the Web.
A. Extracting Position Relations
Position relation describes the fact that a person holds a position in a specific organization. A position relation typically contains three elements, which can be formalized as a triple {O, P, R}, where O, P and R stand respectively for organization name, position name and person name. Position relation extraction aims at obtaining such position triples from natural language text or Web pages.
The detailed algorithm to extract position relations from Web pages is illustrated in Fig.6 . We first determine the structural parts of a Web page, and then focus on these parts and extract position relations using some templates.
To extract structured file segments, we first find some structural sentences in Web pages. A position relation candidate consists of a person name, a position name, and a separator. By defining a static set of position names and separators, we are able to find all the structural sentences which may contain position relation candidates. For example, if we have already defined a position name called "General Manager" and a separator ":", then we can determine all the position relation candidates from Web pages, which have the form as "XXX : General Manager", where "XXX" is a person name. Table III shows the separators used in our algorithm. After determining the structural file segments in a Web page, we then concentrate on these structural file segments to extract position relations. In this process, we first add tags to the file segments, and then we generate position relation candidates.
(1) Tagging of Person Names Here we use ICTCLAS (ICTCLAS, 2009) as the tool for the lexical segmentation and tagging of person names. However, the ICICLAS tool can not recognize some special person names in Web pages, such as "杨(Yang) 皓 (Hao)", where there is a blank character between surname and given name. In this paper, we add two rules into the ICTCLAS to tackle with these special cases and call this process as person name complement.
Rule 1: After lexical segmentation and POS tagging, if there is a substring looking like "A/nr1 # B/x" or "A/nr1 B/x -", "A" and "B" will be combined and tagged "/r" to get "AB/r" Rule 2: After lexical segmentation and POS tagging, if there is a substring looking like "A/nr1 BC/x -" or "A/nr1 B/x C/x -", "A", "B" and "C" will be combined and tagged "/r" to get "ABC/r".
In the rules, "A", "B" or "C" denotes one Chinese character respectively, the tag "nr1" denotes "A" is a Chinese surname. The tag "x" represents any POS tag.
The symbol "#" denotes a blank character while "-" represents separators we described above. The tag "r" denotes a complete Chinese person name.
For example, the substring " 杨 (Yang)/nr1 # 皓 (Hao)/ng" will be converted to " 杨皓(Yang Hao)/r" according to Rule 1 and the substring "蒋(Jiang)/nr1 天 龙(Tianlong)/nz -" will be converted to "蒋天龙(Jiang Tianlong)/r -" according to Rule 2.
(2) Tagging of Position Names
Position name tagging is conducted through a position dictionary which is constructed manually. Note that the dictionary only contains simplified position names. A simplified position name only contains core words of a complete position name. For example, "总裁(president)" is simplified position name while " 副 总 裁 (vice president)" is not a simplified position name. The tag of a position name is "/p".
(3) Tagging of Potential Organization Names
A potential organization name in a sentence is tagged by the OFW (organization feature word). If a sentence contains a person name, a position name and an OFW simultaneously and these elements appear in a specific structure, then it is much possible that there is an organization name in the OFW position. We first assume there is an organization name in the OFW position and then filter out the sentences which contain an illegal organization name in the subsequent stages. In this paper, we tag two most frequent OFW: "公司(corporation)" and "集团(group)", both with the tag "/o". Table IV shows a summary about the tagging symbols used in our algorithm, and Fig.3 shows an example of the position relation candidate generated. 
B. Experimental Results
The Web pages in the experiment are downloaded from famous Chinese search engine Baidu. The keywords look like "position name + Chinese surname" such as "总裁(president)+张(Zhang)｜王(Wang)｜李(Li)｜赵 (Zhao)｜刘(Liu)". The method increases the probability that a Web page contains position relation instances. The Web pages are amount to 6028 and we choose five kinds of position relations (president, manager, engineer, CEO, board chairman) to conduct experiments. The position name dictionary contains 66 simplified Chinese position names which are prepared manually. Table V shows the extracting results of five kinds of position relations over the 1425 structural file segments. The average recall is over 87%, whereas the precision of our approach is much high. The reason why our approach gains high precision is that our approach is based on structural feature of position relations on Web pages. 
VI. CONCLUSIONS
Web has played important roles in competitor intelligence systems. In this paper we present a framework of extracting competitor intelligence from the Web and further develop an ontology to represent the semantics of business relations about a competitor. We studied the classification of business relations, and further develop an effective approach to extract position relations from Web pages.
Our future work will concentrate on the design and implementation of the algorithms to extract other types of business relations and conduct experiments to demonstrate the performance of the algorithms and the whole system.
